The previously-described bis(thiosalicylato)mercury(II) complex [Hg(SC6H4-2-CO2H)2], prepared from HgCl2 and thiosalicylic acid (HSC6H4-2-CO2H) with added NaOH, dissolves in pyridine (py), from which the crystalline pyridinium salt (pyH)2[Hg(SC6H4-2-CO2)2] can be isolated as large colourless blocks. Single crystal X-ray crystallography reveals the crystal to 
Introduction
The thiosalicylate ligand [SC6H4-2-CO2] 2-is an interesting heterobifunctional ligand containing chemically soft thiolate and hard carboxylate donor groups. Thiosalicylate is also able to bond either as a dianion, or as a monoanion, resulting in many possible coordination modes for this ligand. As a result, the thiosalicylate ligand is able to coordinate to a diverse range of metal centres, spanning the entire Periodic Table; the coordination chemistry of this ligand has been recently reviewed. [1] The very high affinity of mercury for thiolate ligands is well-known, and indeed the old name for thiols -mercaptans -reflects this high affinity. [2] Mercury is also well-known to form very stable complexes with mercaptocarboxylate ligands. [3] The long-known area of mercury thiosalicylate chemistry, [4] which has been recently summarised, [1] is exemplified by the synthesis of the bis(thiosalicylato)mercury(II) complex [Hg(SC6H4-2-CO2H)2] 1 from HgCl2, thiosalicylic acid and NaOH. [5] A more recent preparation omitted the use of a base. [6] [Hg(SC6H4-2-CO2H)2] has been structurally characterised as its 1,4-dioxane solvate and shown to contain a linear two-coordinated mercury(II) centre; 1,4-dioxane molecules link the mercury complexes together via the formation of zigzag chains containing CO2H···O(C2H4)2O···HO2C
hydrogen bonding motifs. [7] Monodentate S-bonded thiosalicylate ligands also coordinate to ethylmercury(II) in the well-known compound Thiomersal, Na[EtHgSC6H4-2-CO2] 2, which has been widely employed as an anti-bacterial agent in vaccines, with some controversy. [8] 4
In mercury(II) thiosalicylate complexes the hard carboxylate O centre is also available as a secondary coordinating group, either to the same or a different metal centre, allowing the thiosalicylate ligand to act as a versatile chelating or bridging ligand. Indeed the complex [EtHgSC6H4-2-CO2HgEt}2] 3, thought to occur as an impurity in Thiomersal, has been synthesised and structurally characterised. [9] The mercury(II) thiosalicylate system has been explored for its ability to act as a metalloligand through the carboxylate groups, and derivatives of [Hg(SC6H4-2-CO2)2] 2-with a variety of metal counter-cations including Cr, Ce and Tl [10] , Cu, Ag and Au [11] , Pb and Cd [12] as well as group 2 and lanthanide elements [ 13 ] have been described, though none have been structurally characterised, so the coordination mode(s) remain undefined. However, [Hg(SC6H4-2-CO2)2] 2-is able to coordinate to the Hg(PPh3)2 2+ moiety through the carboxylate oxygens to give [Hg(SC6H4-2-CO2)2Hg(PPh3)2] 4, which has been structurally characterised. [14] In view of the stability of the [Hg(SC6H4-2-CO2)2] 2-moiety, we wished to explore the ability of [Hg(SC6H4-2-CO2H)2] to be deprotonated by suitable amine bases which would lead to the formation of salts containing the [Hg(SC6H4-2-CO2)2] 2-anion which would then interact in the solid state with the newly formed baseH + cation, though the formation of hydrogen bonding interactions. The results of these investigations are described herein. We also describe 5 a detailed study of the ESI mass spectrometric behaviour of mercury thiosalicylate complexes, which provides insight into the coordination mode of the thiosalicylate ligand.
Results and discussion

Synthesis
The A portion of 1 was dissolved in pyridine, giving a pale-yellow solution and a small quantity of grey solid, presumably elemental mercury formed by decomposition. After filtration, slow evaporation of the clear solution gave large colourless blocks of 5 suitable for an X-ray diffraction study (vide infra). The complex is nominally formulated as (pyH)2[Hg(SC6H4-2-CO2)2], however the X-ray structure determination reveals this to be an over-simplification. Crystals of 5 lose pyridine and turn opaque when exposed to air, so no microanalytical data were obtained for this compound.
The attempted preparation of crystalline samples of other amine salts, using either 
Description of the crystal and molecular structures of 5
The molecular structures of the constituents of 5 are illustrated in Figs 1a and b with selected geometric parameters listed in Table 1 . Based on the crystallographic analysis, the that for the heavier elements these interactions can impart similar or even greater energies of stabilisation to crystals as do conventional hydrogen bonds [15] .
The coordination chemistry of ligands derived from 2-mercaptobenzoic acid [1] and the isomeric 3-and 4-derivatives [16] has been reviewed very recently. In the case of mercury, coordination via the thiolate-sulphur atom is prevalent with the most closely related structure being that of {Hg[SC6H4-2-C(=O)OH]2(OC4H8O)2}, characterised as a 1:1 dioxane solvate [7] .
Here, the mercury atom is linearly coordinated by two sulphur atoms and carbonyl-oxygen atoms are orientated towards the mercury centre, being separated by 3. 
Investigation by Electrospray Ionisation Mass Spectrometry
A detailed mass spectrometric study of crystalline 5 was carried out. Crystals were poorly soluble in methanol (whereupon they turned white and opaque) and dichloromethane, but were very soluble in pyridine. A small crystal of the compound was dissolved in a few drops of pyridine, and diluted with methanol for mass spectrometric analysis in negative-ion mode. The observed ions are summarised in Table 3 . The same ions, in approximately the same relative intensities, were observed when a crystal of 5 was analysed in methanol alone (without prior dissolution in pyridine). Identification of mercury-containing ions is readily facilitated by the distinctive isotopic signature of mercury, which has seven naturally-occurring isotopes. as haemoglobin, [21] proteins (human serum albumin and -lactoglobulin A) [22] , glutathione [23, 24] , cysteine [24] and DNA [24] the ESI mass spectrometric behaviour of Thiomersal itself does not appear to have been investigated to date. Decarboxylation of carboxylate anions has been known for some time, [34, 35] and decarboxylation is also well-known to occur in metal carboxylate complex ions, [36, 37] in complexes of amino acids or peptides [ 38 ] , and complexes of carboxylate-containing carbohydrates. [39] The results of these mass spectrometry investigations indicates that the coordination of the carboxylate group of the thiosalicylate ligand to mercury provides significant protection against capillary exit voltage-induced decarboxylation. The stability of organomercury thiosalicylate aggregate ions with the Na + counterion also affords similar protection.
Conclusions
The pyridinium salt of the bis(thiosalicylate)mercurate(II) ion, 5, has been synthesised A detailed study of 5 and a selection of other mercury thiosalicylate complexes using ESI MS provides correlations with the carboxylate coordination mode, and identifies the role of coordination in providing stabilisation through the formation of aggregate ions. We are currently exploring the mass spectrometric behaviour of other organomercury mercaptocarboxylates and results will be reported in due course.
Experimental
Instrumentation
ESI mass spectra were recorded on Bruker MicrOTOF mass spectrometer that was periodically calibrated using methanolic sodium formate. Typical parameters used a Capillary Exit voltage of 150 V and a Skimmer 1 voltage of 50 V, though these parameters were varied to explore aggregation and/or fragmentation processes (maintaining a Capillary Exit : Skimmer 1 ratio of 3:1). Assignment of ions employed a comparison of experimental and theoretical isotope patterns, the latter calculated using instrument-based software, or the open-source software mMass. [40] Reported m/z values are for the most intense isotopomer in the isotope distribution pattern. 16 
Materials
Thiosalicylic acid (Sigma), mercury(II) chloride (BDH), phenylmercuric chloride (BDH), Thiomersal (BDH) and pyridine (BDH) were used as supplied; other chemicals were at least of reagent grade and were used as supplied. The compounds FcHgCl [ 41 ] and (Ph3PBz)Cl [42] were prepared by the literature procedure.
Synthesis of Hg(SC6H4-2-CO2H)2 1
This compound was prepared by a modification of the literature procedure. [5] To a suspension of thiosalicylic acid (2.745 g, 17.8 mmol) in water (30 mL) was added sodium hydroxide (0.734 g, 18.4 mmol) and the mixture briefly stirred to give a pale-yellow solution.
This solution was then added to a stirred solution of mercury(II) chloride (2.42 g, 8.9 mmol) in distilled water (50 mL) resulting in the immediate formation of a white precipitate. The mixture was stirred at room temperature for 3 h and the white solid product was filtered, washed with distilled water (2 x 20 mL), and dried under vacuum to give the product (4.439 g, 98%). The compound was characterised using negative-ion ESI MS (refer text).
Synthesis of the pyridinium salt (pyH)2[Hg(SC6H4-2-CO2)2] 5
Approximately 0.5 g of crude Hg(SC6H4-2-CO2H)2 was dissolved in pyridine (5 mL) in a glass vial to give a pale-yellow solution, with a small amount of insoluble grey matter (presumably elemental mercury). The solution was filtered to give a clear-yellow solution which was then allowed to spontaneously evaporate at room temperature. When solid started to form, the vial was sealed and the solution allowed to stand at room temperature for several weeks to give a number of large, clear and colourless block crystals, that were structurally characterised (see Sections 2.2 and 4.9). ESI MS data are summarised in Table 1 .
Synthesis of (Ph3PBz)2[Hg(SC6H4-2-CO2)2]
HgCl2 ( Recrystallisation of a sample by vapour diffusion of pentane into a dichloromethane solution gave some oily sticky crystals, which were washed with isopropanol (0.5 mL). A crystal was removed for ESI MS analysis in MeCN/MeOH solution.
Synthesis of Na[PhHgSC6H4-2-CO2]
PhHgCl (2.00 g, 6.39 mmol) was suspended in methanol (20 mL), and to the stirred suspension was added sequentially thiosalicylic acid (0.986 g, 6.40 mmol) followed by dropwise addition of a solution of sodium hydroxide (0.52 g, 12.97 mmol) in methanol (20 mL). The mixture was briefly warmed to ca 50 C to give a slightly cloudy pale-yellow solution, containing some dark suspended matter (presumably elemental mercury). The solution was filtered through glass fibre filter paper, and the filtrate evaporated to dryness to give an offwhite solid. Water (10 mL) was added and the resulting white solid triturated to dissolve sodium chloride by-product. After allowing the mixture to partly evaporate for 24 h, the product was filtered, washed with 2 mL cold water, and dried under vacuum to give 0.832 g washed with a small volume of methanol and then water to remove soluble salts, and dried under vacuum to give the product as a bright-orange solid (0.56 g, 41%). Satisfactory microanalytical data could not be obtained for this sample, either the initially isolated solid, or a sample recrystallised by dissolving in the minimum amount of warm DMF, followed by cooling to room temperature, giving fine, bright-orange needles. The identity of the sample is therefore based on its mass spectral characterisation.
Reactivity of Na[EtHgSC6H4-2-CO2] (Thiomersal) towards thiosalicylic acid
Equimolar amounts of Thiomersal (96.6 mg) and thiosalicylic acid (37 mg) were dissolved in methanol (10 mL), and the mass spectrum recorded after 30 min.
Single crystal X-ray structure determination of (pyH)2[Hg(SC6H4-2-CO2)2] 5
Crystals of 5 were obtained from [Hg(SC6H4-2-CO2H)2] 1 in pyridine as described in and 0.87 eÅ -3 were located, respectively, 1.04 and 0.79 Å from the Hg1 atom. The molecular structure diagrams showing 70% probability displacement ellipsoids were generated by ORTEP for Windows [46] , the overlay diagram with QMol [47] and the packing diagrams with DIAMOND [48] . Additional data analysis was made with PLATON [49] . 
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